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ABSTRACT 


town* I,ora ,wo morphoiypes In 30 populations of JMMft*. «***»» fra. ho*- » »« «■»<* "°" h 
Mexico were analyzed. The basic ploidv (x « 10 ), lelraploidy (n . 30 ) and dispkndy (it - 44 ) reponod prtviousiy ort t ypecicsare ion nmi 

end triploidy (n . JO) is repor.ed for ,he tits, time in 13 of rhe 30 populations studied. Analysis of k.ryotype, rave.l a corraUuon a,non* 

cytwypcs and morptuuypes of M. rigidd. Triploid cytoiypes correspond to die morphotype having open in oeescences w ereas lelrap 

^nd disploid plants correspond to the morphotype with dense inflorescences. 

KeyWords: grasses, karyology. Muhlenbergia rigida , ploidv level 


RESUMEN 


S. r man d. dos nu*o,iposen 30pohlaciora, ^ 

estadfK A?\ a- C* Pi rnimero basico (x = 10), teirapioun L r _ . . . . 


estudiadas 


mente para la especie, y se registra por primera vez tnp.oia.a [nploldes Klacioni dos con el morfotipo de inflores- 

re 'eUuna correlation enlre loscitotiposy los morfotipos de M. ngulfl, totipo , 

cencia abierta, mientras que los tetraploides y disploides corresponden al mortotipo de 

Palabras clave: cariologia, gramineas, Muhlcnbcrgui rigida, nivel de ploidia 

INTRODUCTION 

Muhlenbergid is one of the larges, genera of the Poaceae h mU) • u^ iTl^rad A me man continent; 

those, 150 are distributed mainly in the temperate fore*^ ^ & 

nly six species are endemic to South Asia & Da |lwte 1902) There are around 

Wl; Peterson & Orriz-Dtaz 1998; Peterson and Henw2C . *^ Mex , c<) ^ of 

® of Muhlenberg !a native to the Southern n maiority of the species (120) are - - J 

*em even reaching Central America (38) and South ' Herrera Arrim 1987 ,1998; Her 

“ Mexico (Beetle 1986; Espejo-Sema el al. 2000; Espt’jo p ’ lerson e t al. 2001; Peterson 2003; Peterson 

n«a & de la Cerda Lemus 1993; Herrera Ameta & “ r 5 °JV, 0 „ cal vari ation, especially within vegeta- 

& Valdes-Reyna 1999). Muhlenhergia is = «enus “dh g rea tin P ^ ^, 5 ^ to very , arge 

e characters, ranging from very small plants ( , r ,hermore M rigidd (Kunth) Trin. has populations 

ones (130-300 cm tall) in M. robastd (E. Fourn.) Hitche. Furthermore. M. rigid 
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that differ in plant habit as well as in the shape and size of their inflorescence, which can be compact (dense) or 
loose (open), large or small. This creates taxonomic confusion and problems with the specific delimitation. 

Few chromosome studies have been carried out on the genus Muhknbergia. Soderstrom (1967) stated 
that Avdulov (1931) was the first who reported cytological information as a basis for a new classification system 
of Poaceae. Although Sodertstrom (op. cit.) did not carry out cytological studies, he does mention the results 
from several studies which reported a base chromosome number for Mu/i/enbergia of x = 9, 10, or 21. These 
studies included the 2n chromosome number for the species of sect. Epicampes. Peterson (1988) studied the 
chromosome number of 25 annual Muhknbergia species, reporting for the first time the chromosome number 
of nine of them. Noteworthy among these are Muhlenbergia biloba Hitchc. and M. shepherdii (Vasey) Swallen 


they are it = 8 . Herrera (1995) published the chromosome number of three species of the M. montana 
(Nutt.) Hitchc. complex [(M. montana, M. quadridentata (Kunth) inn., and M. vireseens (Kunth) Trin.)], re¬ 
cording for the first time the chromosome number of M. quadridentata , the disploid chromosome number of M 
virescens and confirming the tetraploid condition of M. montana. Gould (1966) carried out karyotyping of 60 

genera and 149 species of Mexican grasses, eight of which belong to M uhlcnbergia. However, M. rigida was not 
included in Goulds study. 


SW 


Central and South America. In Mexico it is found from Baja California to Chiapas. The grass can be found 
growing in pine-oak forests and grasslands, sporadically at the edge of roads, and at elevations between 1280- 


(Herrera Arrieta 


with 


diversity within the species (rigida). This diversity of traits is reflected mainly in the shape and size of leaves 
and inflorescences, with variation among the type of inflorescence (compact or loose) being particularly noto¬ 
rious. However, there is no correlation between morphotypes and habitats or geographical distribution as frc- 


'rphotyp 


mplementary information 


o! M 


study, the aim of the present study is to compare the karyotype of two morphotypes in 30 populations 
ngida located in north central Mexico. This comparison will reveal any relationship between the karyotype 
and the morphological differences within the species as well as other relevant variations that allow the distinc¬ 
tion o groups among the studied populations, or otherwise distinguish between the two morphotypes. 


MATERIALS AND METHODS 


Plant material 


Sample material mm collected from 27 locations (Fig. 1 ) and 30 populations of Muhlenhergiu rigida, «»"» 
' “ ,he s ' a " s of chihua hua, Durango, Zacatecas, Aguascalientes, Guanajuato, and Jalisu 

Mexico I able IV Live nlanrc ™ 1 l _J /I_ , ® J 


. ,. . \Duuui«j irom natural populations and cultiva 

house condtuons m order to collect the roots required for this study. Table 1 lists the voucher, enspa 

and localities (mcludtng geographical coordinates and elevation) in which the studied plants were 

\T _ A _ * 


under green- 


karyotyping 


Mrih°ed a” Were 5IU f', d , USlnS r ° 0IS ° btained frora •** P^nts cultivated in the greenhouse. When toe 
^ 1 r°T a * " 7 ‘ n kng,h ’ Were » a treatment with an 8-hidroxi,uinolein 

for 12 h^r r r 7 eT ? r00m "■*'"*»* Uler they were fixed with ethanol/acetic acid » 

then add hvdml , ° 7, Z h>drolys,s with three Passes using distilled water at 30-minule intervals at 

lulase en 2 vmeini,M, USm n 7' a “ d C ‘ lra(es buffer [or 30 minutes, then a final digestion using a^u 

3^231 T n a (Setlar and 1% *«•■*« V-23 (Seishin Pharmaceutical) for 1h* 
cones,™* ’ "h us “'* d,s,ll '« 1 water, roots were kept for one minute in 45% acetic acid followed!^ 

left to dry forldava, 7" *“ rem ° Wd after ,he samples were kept at -84»C. Preparations 

“ ere s,am ' d using the acetocarmme reap 


arried out usi 
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'•Map showing the collection localities of Muhlenbergia rigida. 


A . . a MicroMeasure software http://www.colostate.edu/ 

toskop Zeiss microscope fitted with digital camera. chromosome. 

e pls/Biolo?vA4 irrnMpsa ci ir^ was used for measuring t e 8 also c alculated while the nomenclature 


Levan 


The ratio of the chromosome arms (r) (long arm: shortarm) w “ 

" a 'r describing chromosome morphology was that propose > 

' 00-1.69) sm = submetacentric (r = 1.70-2.99), and st = subtelocenmc u- 
l 'on (1938) was used for classifying chromosomes according to 

stna fl, 5-9 pm, medium-large; >9 pm, large. r u barvotvi 

In order to carry out the quantitative characterisation 



: m = metacentric (r: 
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T able 1. Muhlenbergia rigida populations with karyotype studies. 


Population 


2n Locality 


O. Rosales 3970 

40 

O. Rosales 3976 

40 

O. Rosales 3982 

40 

O. Rosales 3990 

30 

O. Rosales 3993 

30 

O. Rosales 4016 

44 

O. Rosales 4028 

30 

0. Rosales 4029 

30 

0. Rosales 4030 

40 

0. Rosales 4053 

30 

0. Rosales 4098 

44 

0. Rosales 4124 

40 

0. Rosales 4140 

40 

0. Rosales 4146 

30 

0. Rosales 4158 

30 

0. Rosales 4159 

40 

0. Rosales 4162 

40 

0. Rosales 4166 

30 

0. Rosales 4170 

40 

0. Rosales 4177 

44 

0. Rosales 4187 

30 

0. Rosales 4202 

30 

0. Rosales 4203 

30 

0. Rosales 4210 

30 

0. Rosales 4215 

40 

0. Rosales 4219 

40 

0. Rosales 4227 

40 

O. Rosales 4234 

30 

0. Rosales 4235 

44 

0. Rosales 4252 

30 


5.3 km Al NW de La Hacienda La Pila, Dgo., 24°07'44.8*‘N y 104° 18’29.3"W, 1884 m 
Rancho Los Yugos, San Josede Gracia, Ags., 22 o 00'00.2 M N y 102°34'38.8 M W, 2369 m 

3.3 km al W de La Parrilia, Dgo., 23°43'39.6 1, N y 104°28 , 22.92.2°W, 2260 m 

2.7 km. del entronque carretera federal libre 40 hada la carretera federal de cuota 40, 

Durango, Dgo. 23°56 , 55.7 ,, N y 104°56 , 15.3 ,, W, 2415 m 

Puente Rio Chico, carretera de cuota Durango-Mazatlan, Durango, Dgo.23°58'38.0 ,, N y 
104°53'32.5"W, 2256 m 

1 km del entronque Jimenez del Teul hacia Molina de Agua Zarca, Jimenez del Teul, Zac. 
23°2V00.01 M N y 103 Q 51'10.2"W, 2271 m 

Km 168 carretera Sombrerete-Ourango, Sombrerete, Zac. 23 0 39'52.7”N y 103°40 , 23.rw, 2425 m 

Sierra de Organos, Sombrerete, Zac., 23°44'38.7“N y 103°48'22.3"W, 2296 m 

Sierra de Organos, Sombrerete, Zac. 23°44'39.6”N y 103°48'02.0"W, 2329 m 

Sierra del Registro por carretera federal 23, Durango, Dgo. 23°45'51.6"N y 104“25'29"W, 2014 m 

Parte alta de la Canada el Cajon, Santa Maria, El Oro, Durango, 25°24'42.8"N y 104°57 , 28.4"W, 1914 m 

Entronque Otinapa-Autopista Durango-Mazatlan, Durango, Dgo. 23‘58’35.0"N y 104°56 , 59.7”W, 2446 m 

Km 25 Autopista Durango-Torreon, Durango, Dgo. 24*11'12.0"M yl 04°29'31.7"W, 1864 m 

Por la carretera 105, rumbo a la presa Bayacora, Durango, Dgo., 34°54'44.1*N y 104 <> 44 ' 46 . 9 "W, 2185 m 

Cerro de Los Gallos, Aguascalientes. Ags. 21°40'03.6''N y 102°13'15.8"W, 2191 m 

Cerro de Los Gallos, Aguascalientes, Ags. 21 o 40'03.6"N y 102°13'15.8”W, 2191m 

Entronque a Milpillas, Jesus Maria, Ags. 21°55 28.6'’N y 102“33'57.7 n W, 2186 m 

Cerro El Roble, Jesus Maria, Ags., 21 o 47'30.7"N y 102*31'26.3"W. 2019 m 

6 km antes de la caseta de cobro por la autopista Aguascalientes-Zacatecas, Guadalupe, Zac., 
22°39'19.6"N y 102“26’4S.S"W, 2305 m 

1.5 km al SE de Canutillo, Sombrerete, Zac. 23°35'26.0"N y 103*46'22.0"W, 2119m 

Carretera 24 rumbo hacia Guadalupe y Calvo, Chih. 26°42 , 27.2”N y 06°04'15.9" W, 2296 m 

Carretera Chihuahua-Cuauhtemoc, Chih. 28*2804.3" y 106*11‘50.7"W, 1711 m 

Al sur la ciudad de Guerrero, Guerrero, Chih. 28*30'15.8"N y 107°29'00.3"W, 2045 m 

Carretera 16 Yecoma-Cuauht£moc, Chih. 28°24'09.4”N y 107°34’57.0"W, 2277 m 

Carretera 16 Yecoma-Cuauhtemoc, al nortedeTemochi.Chih., 28°21 , 20.7"N y 1 07°49'26.0“W, 2075 m 

Limites Cd. Cuauhtemoc-Bachiniva, Chih. 28°48'34.6"N y 107*11'59"W, 2260 m 

Entronque al Soyatal por carretera Villa Hidalgo- Teocaltiche, Jal. 21*34'55.6"N y 1 02*34'26.4"W, 1910 m 

Carretera Nochistlan-Yahualica, Yahualica, Jal. 21*14'46.3"Ny 102°48'53.4"W, 1798 m 

Km 25 carretera Yahualica-Jalostotitlan, entronque a Mezcala de los Romero, Jal. 20°57’44.0"N y 
102°48'57.8"W, 1820 m 

Sierra de Lobos por carretera Ocampo-Leon, Gto. 21*13'24.7"N y 101”36'40.3"W, 2544 m 



100i> 


calculated: (1) total chromosome length (LTC); (2) mean chromosome length (LMC); (3) centromere index 
mean (short arm/total chromosome length x 100 [Cl]); (4) intra-chromosomal asymmetry index (Al) * 
l-[ Kb/B/n), where b and B are the measures of the short and long arm of each homologous chromosome pair re¬ 
spectively and n is the total number of homologues; (5) inter-chromosomal asymmetry index (A2) = s/x, where 
s is the standard deviation and x is the mean chromosome length; (6) Paszko Index Al = CVCL x CVCL/l^ 1 
where CVCL= (SCL/XCL) x 100 is the relative variation of chromosome length, CVCI = (SCI/XCI) x 
the relative variation of the centromere length, respectively, XCL is the mean chromosome length and XCI 
is the Cl mean. Karyotype asymmetry was determined using Stebbins’ categories (1971) Al and A2 indices 
(Romero-Zarco 1986) and the Al index (Paszko 2006). The Al index is a quantification of Stebbins' asymme¬ 
try categories. It ranges between 0 and 1, and these are low when chromosomes tend to be metacentric. Basic 
interpretation of Al values determines that the higher the value, the higher is the heterogeneity of chromosome 

lengt and/or the centromere index in a studied karyotype (Garcia-Barriuso cl al. 2010). 

n t e i eograms, omo ogue chromosome pairs were ordered according to their length in decreasing- 

size order. Four to seven metaphase cells were measured from various slides in order to obtain an average for 

construction of the ideograms. Measurements were compared using ANOVA. The TCL, Cl, A 1 and A2 indict 
as well as ch t omosome number were considered 
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Clustering analysis of the karyotype data was carried out in order to examine karyotype similitude 
among populations. A data matrix of 30 OTUs (operational taxonomic units) and five variables was construct¬ 
ed. The following variables were used: LMC, Cl, Al, A2 and chromosome number. The first four variables were 
used because they are not influenced by chromosome number. Nevertheless, ploidy level was also used since 
different characteristics of various populations of Muhlenbergia rigida morphotypes are being compared. The 
STATISTICA v.7.0 (StatSoft, 2004) software package was used to normalize the data matrix, calculate the aver¬ 
age Euclidean distance, and generate an UPGMA dendrogram. 

Also, in order to evaluate the contribution of each karyotype parameter to the population clustering, the 
entities were subject to a principal component analysis (PCA) based on the 30 OTU data matrix and the afore¬ 
mentioned five quantitative variables. 


RESULTS 


The chromosome counts obtained from radicular cells of Muhlenbergia t igidci in this study are consistent w ith 
the numbers reported by Herrera and Peterson (2007) and Soderstrom (1967), both of which documented 2n - 
40 and 44. This study recorded 2n = 30, 40, and 44; marking the first report of triploidy in this species. It is 
noteworthy to mention that the 2 n = 40 and 2 n = 44 counts were found in the compact panicle morphotype 

while the 2n = 30 count was present in the open panicle morphotype. 

Our results support previous suggestions that the basic number of Muhlenbei gia is x - 10, with 2n - 40 

occurring in the majority of the species. Polyploidy is equally distributed in the morphotypes of M. 
ied here: 43.33% of the plants are tetraploid (2n = 4x = 40), 43.33% are triploid {In = 3x = 30) and only 13.33% 

are disploid, derived from tetraploid (2n = 4x + 4). 

We report for t lie first time the karyotype formula of 30 chromosomes in M. rigida po; 'illations as well as 

the ideograms representing the three ploidy levels found (Fig. 2) 

As a whole, the karyotypes of the species analyzed were composed of metacentnc (m) and submetacen- 

tric (sm) chromosomes, with the former being predominant. The formulae among triploid populations were 

30m (six populations), 29m 4 Ism (three populations), 27m 4 3 sm (two populations), and 25m4 5sm and 22m 

+ 8 sm in the remaining two populations. 

Tetraploid populations were present in the following manner: 40m (five populations), 39m + Ism (three 
populations), 38m + 2sm, 37m + 3sm, 35m + 5 sm, 32m + 8 sm, 34m + 6 sm, 32m + 8 sm in ve popu ations. 
Disploid populations had the following karyotype formulas: 44m (two populations) and 30m + 14sm, 35m 4 

9sm for the remaining two populations (Table 2). 

Chromosomes were small and medium-small in size (beiween 1.0 and 3.85 pm), according ,o Siebbms 
(1938). The mean chromosome length (LMC) ranged between 1.31 pm and 2.62 pm. The centromere in ex 

varied from 12.94 to 21.76. . . . . . R f Ct ... 

In general the karyotypes were moderately symmetrical and fall in.o categories 1A and IB of Siebbms 

(1971). 

The UPGMA dendrogram constructed with karyotype similitudes (Fig. 3) shows t ree main groups 

divided into subgroups. The first group is composed ofUuee grbgro^ .group ^ ^ 

p^pu ations 4098. 4177 »d 4016. Group 1-2 ~ 4162 . and 3 ,76; and was eharacrerized 

ly intermediate Cl value (A, - 0.10 to 0.14). Group iwo comarned > P P DODulalions: 


low Cl (Al = 0.15 to 0.19). The third group was 


composed of three subgroups with the following populations: 


ineuura ^ r s012toal6); subgroup 111-2by4203, 

-ubgroup III-l by 4252,4029, and 4028, with intermediate Cl I (A • ^ ^ ^ 0 1 6) . and subgroup ,„. 3 

by 3993 4146 and 3990 ll is important to note that this separation into groups and subgroups is mumatel, 

, “i >o, ail, i ->yyu. it is tmporian j n i 0 jd v levels. The first group contains 

related to the morphological characteristics of the infloresc , . ■ i > 

1 » _ 


iploid populatio 


diploid and tetraploid populations, me 6—t- — ; ide in fl or escence. 

l he third group is completely composed of triploid popu a ton 
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ininniinnuinuiuiuit 


3993:2n 


4030:2n 


llllllllll 


>( Hill s i mitimiittitiiif u ii it mu 


4098:2n 


5|im 


Fig. 2. Ideograms representing the three ploidy levels of Muhlenbergiarigida populations. Bar scale = 5 pm. 


Measurements from triploid and tetraploid plants from the same locality were statistically compared 
suiting in significant differences (P < 0.05). 


DISCUSSION 


The results obtained from our study of Muhlenbergia rigida morphotypes partially confirms the previously re- 
ported chromosome numbers for this species by several authors 

Of the 30 populations examined, 13 wer i >und to be triploid, this being the first report for triploidy i 
the species. Apart from the triploid cytotypes this study also found tetraploid and disploid plants, confirming 

Z^I^f PreV T S M^r 5 ' The triP !° id and tetra P loid cytotypes are present in high frequency (86%) while 

icnnir v U -J 1 ■ ... f 


in 


tor 


1 j 1 -& w vmy luui pupuiauons \ la Die l\. 

is stu y presents ploidy levels found in M. rigida populations in north central Mexico* It also shows, 

the fust time the I unype and ideograms of the two Muhlenbergia rigida morphotypes (dense and loose 

:\imde) as welt as ;:-.c three cytotypes within the species. 

Polyploidy has played an importanc role in the evolution of many eukaryotes (Soltis et al. 1999), and the 
majoriiyofangiosperms (approximately 70%) have shown polyploidy during their evolutionary process(Mas- 
terson 1994). Ins highly probable that .he polyploidy of Muhlenbergia rigida is of aulopolyploidy in origin, 
since t e cylotypes ave very similarly sized chromosomes. General morphology of the studied plants 

very similar (Table 2). v bl 

The resuhs of this study reveal a detailed description of the ehromosomal traits of two Muhlenbergia V 

t i rDilOt\ DCS. allov\ina tKa _r.i 1 _ . jflOSOltlCS 

of Steb- 


du monrhotypes. allowing the classification of the karyotype of M. rigida as symmemcai. ... 

bins ( 1971 ? ** "" "* aVerage length ,hal does "°< surpass 2.87 mm, according to the classification 


y — p * jf m 

StebJnu?q-T abundance of Polyploids when compared to their disploid ancest 

s (19,1) recognizes five maluruy stages of poly pled) complexes: iniiial. young, mature, declining^ 
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f / * 


based c 


ctual. According to him, the evidence of distribution patterns indicates that the majority 
complexes that are currently mature originated in the Pliocene or Pleistocene. Our finding of 10U% p 
requency m the M uhlenbergia rigida populations indicates a high evolutionary maturity. 

Chromosomes ol studied populations can be classified from medium-small to medium-large _ 
s termtno ogy (1971). All populations have predominantly metacentric chromosomes and. to a 

( rr ™ e J at ^ ntri ^ chromosomes - The A1 index fluctuated 0.1; for example, 50% of the populations «■ 

\ u ‘ e ' e ° ther 50% had 0 98 - which supports the predominance of metacentric chromosomes, 
asvmm V * *'**&* J - " constitutes the first karyotypic description of the genus. Karyotv 

» A 2, AI, and Stebbins categorization). According 


^ / I- 7 *...ucu v L3 1V )t^ 

populations is high, reflecting low specialization (Stebbins 1971) 

ri i w*. * _l * 


3993 


some leneth in m Um “° me as > n ,metr y mdex A2 values varied from 0.10 to 0.21, indicating a similar chror 

“ ,T a 7 a “° nS ^ higheS ‘ Varia, “" «» observed popular — 1 ’’ 

W3S “ in POPU,a "° nS 3976 and "here A2 J a s O. 10. 
from 005 m 22 ^ ‘7^ Va ' UES » *0. a low asymmetry. as the valuesr, 

while the most asymmetricaT^mv 03 ^ 317017156 *** PrCSem m populat '" n 4210 which had a0 05 A '[. 
3993 (with an AI of 2.L2) ryot >T es werc Present in population 3990 (with an AI of 2 02) and P»P ubl 

clustering analysis (UPGMA) revealed that the whi, 
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ence in group and subgroup formation were the centromere index (Cl) and inter-chromosome asymmetrv 
(A2). The Cl values had an interval of 12.94 to 21.76 while the inter-chromosome asymmetry index values (A2) 
range from 0.10 to 0.21, marking clear difference between morphotypes. Populations with the open panicle 
morphotype had the highest A2 values (0.15 to 0.21) while the closed panicle morphotype populations had 

lower A2 values (0.10 to 0.16). 

The amount of metacentric chromosomes in the cytotypes studied, suggest that the karyotype of this spc- 

cies shows a tendency to be symmetrical, indicating a trend to become stable. 

The ploidy levels of Muhlenbergia rigida are related to morphotypes. Plants that had compact inllores- 
cence were tetraploid and disploid (2n = 40 and 44) while those with loose inflorescence were triploid (2n = 30). 
Therefore, cytological data provides a good complement to taxonomic studies. Knowledge on simple cy togi - 
netic characteristics of a species such as chromosome number, behavior of the chromosomes during meiosis, 
the mode of reproduction of individuals and their fertility can contribute to a better understanding ol t he pat 

a M Mm W *■ U f 1 


terns 

tirm the differences between 


s s 


tudv 


con- 


cal features even when growing at the same location, and may represent two taxonomic entities. However 

further evidence may be required to support their recognitio at the species level. 

The lack of cytogenetic information on species of Muhlenbergia makes the comparative stud) of karvo 

types and their quantitative characteristics difficult, limiting deeper discussion on the possible participat ion of 
chromosome changes in the evolution of the genus, in its speciation processes, and the establishmen 
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